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This study analyzed the electromyographic and strength responses of the flexor muscles
of the wrist following stimulation of acupuncture points. A total of 52 participants were
randomly divided into four groups: local (heart 3, HT3), distant (heart 4, HT4), control
(bladder 60, BL60), and naı¨ve control groups. To obtain the root mean square electromyo-
graphic activity, we placed surface electrodes over the wrist flexors. To obtain kilogram
force (kgf) values, we attached a force transducer to the floor and to the hands of par-
ticipants. Both values were recorded over three repetitions of maximal isometric wrist
flexion contractions. Data were analyzed using one-way analyses of variance, followed
by Dunnett’s post-hoc tests. We found reductions in electromyographic activity contralat-
eral to the stimulated point in the distant group 10 minutes after removal of the needles
(F3,48 Z 3.25; p < 0.05). Regarding muscle strength, ipsilateral and contralateral stimu-
lation in the distant group produced kgf levels prior to and 10 minute and 20 minutes after
withdrawal of the acupuncture needle that were lower than that obtained prior to inser-
tion of the needle (F3,48 Z 5.82; p < 0.05). Thus, stimulation of the acupuncture points
distant from the wrist flexors reduced ipsilateral and contralateral muscle strength and
decreased the root mean square values contralateral to the site of stimulation.of Neuropsychobiology and Motor Behavior, Department of Biomechanics, Medicine, and Rehabilita-
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Acupuncture is a therapeutic method that has been used in
traditional Chinese medicine for over 3000 years [1]. Unlike
other procedures that were used in ancient times and are
no longer employed, acupuncture has been continuously
practiced and is currently one of the most popular treat-
ments worldwide [2e4].
Clinical and experimental studies based on the modern
scientific model have demonstrated the efficacy of
acupuncture in various biological systems [2,5,6]. Neuro-
chemical, histological, and neurophysiological studies have
attempted to elucidate the mechanisms of action of
acupuncture [7e10]. These studies have thoroughly docu-
mented the release of vasoactive substances, increases in
local blood supply, increases in cellular oxygenation,
metabolic changes, increases in immune system activation,
changes in the lymphatic system [11], and the release of
endogenous opiates that promote analgesia and muscle
relaxation. Thus, Zhao and Zhu [12] suggested that
acupuncture directly affects the peripheral regulation of
the release of mediators of inflammation and pain and
promotes a reduction in the peripheral release of substance
P. Regarding the muscular system, some studies have indi-
cated favorable results in the treatment of conditions that
include facial paralysis [13], tension headaches [14], rota-
tor cuff tendinitis [15], and impaired motor responses
following stroke [16].
In general, the studies that have sought to investigate
the effects of acupuncture on the muscular system have
used electromyography (EMG) [17]. This technique enables
the identification and description of the function of motor
units in terms of muscle activation, and the amplitude and
frequency of electrical activation [18]. EMG can be divided
into two types: depth EMG in which the electrodes are
placed within the muscle in direct contact with the muscle
fibers, and surface EMG in which the electrodes are placed
under the skin and capture the sum of the electrical ac-
tivities of all active muscle fibers [19]. Surface EMG is a
noninvasive and simple technique that is widely used in
kinesiology and muscle neurophysiology studies [19]. Load
cells can also be attached to EMG equipment to generate
information about the forces produced by muscle contrac-
tions [20]. The contractions of the upper trapezius and
temporalis muscles after acupuncture have been investi-
gated using this technique, and these investigations have
revealed changes in activation patterns [16]. In our labo-
ratory, we have shown that the tibialis anterior muscle
exhibits modifications in muscle contraction and force
generation following acupuncture [21].
Thus, the aim of this study was to investigate the acti-
vation patterns and the strength responses of the flexor
muscles of the wrist following stimulation of the heart 3
(HT3; local) and heart 4 (HT4; distant) acupuncture points
using surface EMG and load cells.
2. Materials and methods
The participants in this study were 52 right-handed healthy
individuals of both genders between the ages of 18 years
and 30 years who were recruited through advertisementsplaced on bulletin boards in classrooms and through elec-
tronic invitations. The participants were randomly allo-
cated into four groups. The randomization process entailed
the following. After the selection of the overall sample (52
participants), we created 15 sealed envelopes containing
the name of each experimental group (resulting in a total of
60 sealed envelopes). Prior to the initiation of the experi-
ment, each participant choose one of the 60 sealed enve-
lopes and were assigned to the corresponding experimental
group. Of the four experimental groups, three underwent
acupuncture at specific points as follows: the local group
(LG) received acupuncture at the HT3 point (n Z 15), the
distant group (DG) received acupuncture at the HT4 point
(nZ 14), and the control group (CG) received acupuncture
at the bladder 60 (BL60) point (nZ 15). The participants in
the fourth group, that is, the naı¨ve control group (NCG;
n Z 8) did not receive any acupuncture (Fig. 1). The heart
meridian points were chosen based on their anatomical
locations and relationships with the wrist flexor muscles.
The BL60 acupuncture point was selected because it is
located at the end of the lower limb and has no anatomical
relationship with the wrist flexors.
The participants received written and verbal informa-
tion detailing the procedures and read and voluntarily
signed consent forms that were written in accordance with
Resolution 196-96 prior to the procedures. We excluded
participants who did not meet our age criteria, were left-
handed, had pain in their upper limbs, had histories of
muscle disease, connective tissue disease, uncontrolled
epilepsy, immunosuppression, fear of needles, epithelial
allergies, and those who were pregnant. The project was
approved by the Ethics Committee on Human Research and
Experimentation, HCFMRP Protocol number 8864/2010 and
is registered in the National System of Information Ethics
and Research Involving Human Subjects CAAE-
0301.0.004.000-10 as ethically and methodologically
appropriate according to the precepts of Resolution 196/96
of the National Health Council.
We used a portable surface EMG machine with six
channels (model 400c-200c; EMG System, Sa˜o Jose´ dos
Campos, Sa˜o Paulo, Brazil). The electrodes were active,
double, bipolar (with fixed inter-electrode distances), ad-
hesive, and disposable. A force transducer (EMG System)
was coupled to one of the channels of the EMG equipment
and used as a dynamometer to convert the traction force
applied to the load cell to kilogram force (kgf).
EMG electrodes were placed on the muscle bellies of the
wrist flexors parallel to the muscle fibers (Fig. 2). The hands
of the volunteers were connected to the force transducer
to enable the analyses of muscle activation and force dur-
ing maximal isometric flexion contraction of the wrist as
described in the Surface Electromyography for the Non-
Invasive Assessment of Muscles (SENIAM) project [22]. In
this test, the volunteers maintained maximal isometric
contraction for 20 seconds in each trial. A dispersive elec-
trode was fixed to the bony prominence of the left lateral
malleolus. The volunteers sat in a chair with both arms in
the supine position propped on the chair arms and their
trunks supported by the back of the chair. After being
positioned, the participants performed three maximal iso-
metric contractions against resistance provided by
nonelastic bands that were tied to the wrist flexors and the
Figure 1 Random allocation of volunteers into the experimental groups.
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throughout the procedure, and the room was locked to
restrict the access of nonparticipants.
The LG, DG, and CG groups underwent the same evalu-
ation and acupuncture procedures, with the exception that
the acupuncture point was varied across groups (Fig. 3).
The NCG group only underwent the evaluation stages
without any type of acupuncture intervention. Skin trico-
tomizations were initially performed at the site at which
the electrodes would be placed. This procedure involved
scraping hair, removal of dead cells and skin, and removal
of oil with 70% alcohol.
The maximal isometric contractions of the wrist
required from the participants were as follows: three
maximal isometric contractions of the right arm, three
maximal isometric contractions of the left arm, and three
bilateral maximal isometric contractions. The acquisition of
the EMG data during maximal isometric contractions
occurred as follows: EMG signals and muscle strength data
were collected prior to needle insertion (i.e., the prior to
condition); a stainless steel needle (0.25  40 mm) was
then inserted into the appropriate acupuncture point (i.e.,
HT3, HT4, or BL60); the needle remained in place for a total
of 20 minutes and was rotated at 2 minutes, 5 minutes, 10
minutes, 15 minutes, and 19 minutes after insertion; the
needle was immediately removed after 20 minutes; the
participant immediately reperformed the muscle contrac-
tion protocol (20 minutes); and 10 minutes after the
removal of the needle, the muscle assessment protocol wasrepeated (after). A physiotherapist specializing in
acupuncture participated in the project and inserted the
acupuncture needles according to the regulations of the
Brazilian Society of Physiotherapists and Acupuncturists;
this organization ensures the quality of acupuncture per-
formed by physiotherapists in Brazil. The data were ac-
quired with DATAQ Instruments Hardware Manager software
(Akron, Ohio, U.S.A.), and the values were obtained in units
of root mean square (RMS) and kgf (Fig. 3).
The RMS and kgf values were transferred to a computer
program for organization. Because the data were normally
distributed, one-way analysis of variance (ANOVA) was
performed, and significant between group differences were
further evaluated with Dunnett’s post-hoc tests.3. Results
We did not find any significant differences in the RMS
measures from the segment ipsilateral to the site of
acupuncture stimulation (i.e., the right upper limb) in any
group [LG (F3,48 Z 1.39; p Z 0.25), DG (F3,48 Z 1.66;
p Z 0.20), CG (F3,48 Z 0.30; p Z 0.73), and NCG
(F3,48 Z 0.11; p Z 0.89)]. Furthermore, no significant dif-
ferences were observed in the RMS results obtained from
the upper limb contralateral to the acupuncture stimula-
tion site (i.e., the left upper limb) in any group [LG
(F3,48 Z 0.50; p Z 0.60), CG (F3,48 Z 0.27; p Z 0.76), and
NCG (F3,48 Z 0.05; p Z 0.94)]. However, analysis of the
Figure 2 Positioning of the electrodes (A and B) and positioning of the volunteer (C).
234 M.S. Zanin et al.data obtained after contralateral insertion of the needle
into the DG revealed a decrease in RMS value at 10 minutes
after the withdrawal of the acupuncture needle compared
with the evaluation prior to the insertion of the acupunc-
ture needle (F3,48 Z 3.25; p < 0.05). The intergroup com-
parisons across the evaluation time points did not reveal
any statistically significant differences in the ipsilateral
(right) arm between the prior to (F3,48 Z 1.00; p Z 1.00),
20 minute (F3,48 Z 0.71; p Z 0.55), and 10 minute time
points after withdrawal of the acupuncture needle
(F3,48 Z 1.31; p Z 0.28). The results for the contralateral
(i.e., left) arm were similar [prior to condition
(F3,48 Z 1.00; p Z 1.00), 20 minutes (F3,48 Z 0.18;
p Z 0.90), and 10 minutes after withdrawal of the
acupuncture needle (F3,48 Z 0.62; p Z 0.60)] (Fig. 4).
No significant differences in kgf were found in the NCG
(F3,48Z 0.34; pZ 0.71), CG (F3,48Z 1.81; pZ 0.17), or LG
(F3,48 Z 0.33; p Z 0.71) groups for ipsilateral stimulation
(right arm). In the DG group, we found reductions in kgf
values at 20 minutes and 10 minutes after the withdrawal ofthe acupuncture needle compared with the values obtained
in the prior to condition (F3,48Z 5.82; p < 0.05). The same
pattern was found for kgf results in contralateral stimula-
tion (i.e., the left arm); no significant differences were
found for the NCG (F3,48 Z 0.06; p Z 0.94), CG
(F3,48 Z 0.48; p Z 0.61), or LG (F3,48 Z 0.92; p Z 0.40)
groups, but similar reductions in kgf values of the DG group
at 20 minutes and 10 minutes after the withdrawal of the
acupuncture needle compared with the values obtained in
the prior to condition were found (F3,48 Z 3.42; p < 0.05).
The intergroup comparisons for kgf values ipsilateral to the
stimulation (right arm) prior to (F3,48Z 1.00; pZ 1.00), 20
minutes (F3,48 Z 0.34; p Z 0.79), and 10 minutes after
withdrawal of the acupuncture needle (F3,48 Z 0.32;
p Z 0.80) did not reveal any significant differences. Simi-
larly, the kgf values contralateral to the stimulation (left
arm) prior to (F3,48 Z 1.00; p Z 1.00), 20 minutes
(F3,48 Z 0.21; p Z 0.88), and 10 minutes after the with-
drawal of the acupuncture needle (F3,48 Z 0.58; p Z 0.62)
were not significantly different (Fig. 5).
Figure 3 Acupuncture points examined in this study and their respective anatomical locations. The images were taken, with
permission, by the ACUPUNCTURE software (SAEMP; The Instituto Paulista de Estudos Sisteˆmicos, Ribeira˜o Preto, Sa˜o Paulo, Brazil).
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The present work revealed that the stimulation of
acupuncture points distant from the wrist flexors was able
to reduce ipsilateral and contralateral muscle strengths and
to decrease the RMS values contralateral to the stimulated
point.
In our previous work, we showed that stimulation of the
spleen 9 acupuncture point, which is adjacent to the motor
point of the tibialis anterior muscle, is able to reduce
ipsilateral RMS values without interfering with the genera-
tion of muscle force [21]. In this respect, our data are
consistent with previously published data; however, the
present study provides new information that may enable
the advancement of the understanding of the somatic and
energy mechanisms underlying this phenomenon.
As shown previously, the reduction in strength ipsilat-
eral to the stimulated point may be related to reductions
in muscle fiber recruitment due to interference in propri-
oceptive feedback that prevents the recruitment of new
fibers through the spinal reflex arc [21]. However, this
study provides the novel finding that this reduction in
strength reduction is also present in the contralateral wrist
flexor.
Contralateral effects of acupuncture are possible. In a
recent study of analgesia in rats with ankle sprains, it wasfound that electroacupuncture in the contralateral small
intestine six point but not the ipsilateral stomach 36 point is
effective in producing analgesia [23]. Although such
acupuncture-related analgesia phenomena are primarily
sensory, our results are related to changes in motor re-
sponses. Motor behavior is generated by a hierarchy of
interleaved circuit modules composed of interneurons in
the spinal cord, sensory feedback loops, and bilateral
communication with supraspinal centers [24]. Thus, the
effects of acupuncture can be related to the stimulation of
one specific peripheral nerve located at the acupuncture
point [23], because the motor and sensory nerves arise from
the spinal cord in a segmental manner to form super-
imposed patterns of innervation of the muscles and skin of
the body [25]. Such patterns could provide a somatic
explanation of our findings. Another possible explanation of
our findings is related to the energy perspective. This
perspective provides evidence that the effect is generated
in the contralateral acupuncture meridian; that is, the left
branch of the heart meridian [26]. Physiological explana-
tions of this phenomenon are also attractive. For example,
the use of the concept of acupuncture meridians to explain
the modifications of muscle responses may be valid. The
authors of another study have also utilized acupuncture
meridians to explain changes in the EMG responses of some
muscles [27].
Figure 4 Electromyographic ipsilateral (A) and contralateral
(B) activation in response to stimulation. The data are pre-
sented as mean  SD. ) Indicates a p value < 0.05 compared
with the prior to condition in the same group; analysis of
variance followed by Dunnett’s test. BL60 Z bladder 60;
CG Z control group, acupuncture point BL60 (n Z 15);
DG Z distant group, acupuncture point HT4 (n Z 14);
HT3Z heart 3; HT4Z heart 4; LGZ local group, acupuncture
point HT3 (n Z 15); NCG Z naı¨ve control group, without
acupuncture stimulation (n Z 8).
Figure 5 Muscle strength ipsilateral (A) and contralateral (B)
to the stimulation. The data are presented as mean  SD. )
Indicates a p value < 0.05 compared with the prior to condition
in the same group; analysis of variance followed by Dunnett’s
test. BL60 Z bladder 60; CG Z control group, acupuncture
point BL60 (n Z 15); DG Z distant group, acupuncture point
HT4 (n Z 14); HT3 Z heart 3; HT4 Z heart 4; LG Z local
group, acupuncture point HT3 (n Z 15); NCG Z naı¨ve control
group, without acupuncture stimulation (n Z 8).
236 M.S. Zanin et al.It is well known that acupuncture treatments often
employ the contralateral acupuncture meridian to treat
pathological disorders. Some techniques also utilize the
lower half of the body to treat the upper half or use the
shoulder to treat the hip according to the concept of high/
low opposition [28]. In this context, our work demonstrated
that this phenomenon can also interfere with both RMS
activation and force generation. This evidence is also
corroborated by the findings of another study that evalu-
ated resting masseter and temporal RMS activities and
found that these activities can be reduced by acupuncture
at local points (i.e., the stomach 4, stomach 6, stomach 7,
small intestine 19, governor vessel 26, conception vessel
24, and large intestine 20 points) and distant points (i.e.,
the gall bladder 34, liver 3, stomach 36, large intestine 4,
and small intestine 3 points) [29].
In comparison to the results of the present study with
those of our previous work, we failed to observe effects of
the stimulation of local acupuncture points (i.e., motor
points) in the present study. This discrepancy may be due to
the specificity of the stimulated point because we observed
reductions in RMS levels and strength after stimulation of
the stomach 36 point. The stomach 36 point, also referred
to as three miles and tired leg, has the function of relaxing
the leg, specifically the tibialis anterior muscle. The factthat HT3 has no specific action on the flexor muscle may
explain the absence of an effect. Alternately, the points in
the lower limbs (i.e., the yin region) may produce a pattern
of muscle responses that differs from that of the points of
the upper limbs (i.e., the yang region). Further in-
vestigations utilizing electrophysiological techniques are
required to fully understand this mechanism and elucidate
these important questions. Moreover, our study has some
limitations because we only analyzed the responses in
healthy participants and did not evaluate the effects of
acupuncture over a longer period of time.
This study revealed that stimulation of the HT4 point
produced a contralateral inhibition of the muscles in the
upper limb. Thus, we provide evidence that it is possible to
decrease the muscle activities of the wrist flexors. More-
over, it is not necessary to stimulate the site at which a
therapeutic effect is desired. This type of stimulation can
be extremely helpful in reducing pathological flexor pat-
terns in the upper limbs due to motor neuron disorders.
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